ABSTRACT This study in Iraq investigated the occurrence of Legionella. pneumophila in different drinkingwater sources in Basra governorate as well as the susceptibility of isolates to several antibiotics. A total of 222 water samples were collected in 2008-2009: 49 samples from water purification plants (at entry points, from precipitation tanks, from filtration tanks and at exit points), 127 samples of tap water; and 46 samples from tankers and plants supplying water by reverse osmosis. The findings confirmed the presence of L. pneumophila in sources of crude water, in general drinking water supplies and drinking water tankers. Of 258 isolates 77.1% were serotype 1 and 22.9% serotypes 2-15. All examined isolates displayed drug resistance, particularly to ampicillin, but were 100% susceptible to doxycycline. The prevalence of L. pneumophila, especially serogroup 1, is a strong indicator of unsuitability of drinking water and requires appropriate action. 
Isolation and identification of Legionella pneumophila from drinking water in Basra governorate, Iraq Introduction
The Legionella pneumophila species of bacteria comprises over 15 serogroups [1] , of which serogroup 1 is responsible for the majority of human infections [2] . Two clinical manifestations have been defined within this spectrum: Legionnaires' disease, which is a pneumonic illness caused by an acute bacterial infection of the lower respiratory tract; and Pontiac fever, which is an influenzalike illness [3] . This Gram-negative bacterium survives in water systems as a parasite of protozoa [4] , which are readily found in cooling towers, hotwater distribution systems, bathrooms, swimming pools and fountains [5, 6] . Infection results when L. pneumophila are transmitted from an environmental source (water or soil) to a host via the inhalation of contaminated aerosols. However, there have been no reports of human-to-human transmission [1] . Therefore, studies concerning the presence of these organisms in drinkingwater distribution systems are very important to ensure the good quality of public water.
The present study in Iraq aimed to investigate the occurrence of L. pneumophila in different drinking-water sources in Basra governorate (water sanitation plants, drinking water from different districts and reverse-osmosis water-supply plants), as well as the susceptibility of isolates to several antibiotics.
Method Water samples
A total of 222 water samples were collected in Basra governorate during the period from August 2008 to April 2009. These included: 49 samples from all 13 water purification plants in the governorate (13 samples from entry points, 13 from precipitation tanks, 10 from filtration tanks and 13 samples from exit points); 127 samples of tap water collected from 18 districts; and 46 water samples collected from reverse-osmosis water suppliers (from tankers supplying water by reverse osmosis in 19 different places and from 5 water-supply plants).
The samples were collected according to Standard methods for examination of water and wastewater [7] into sterile sampling bottles, with 10 mL of a sodium thiosulphate solution at 1% in order to neutralize any residual chlorine. The water samples were directly placed in ice, for transportation and examination within the same day. The concentration of residual chlorine for each sample was measured using a chlorine meter (Lovibond 2000) at the time of collection.
Isolation
A duplicate of 5 mL of each sample from water purification plants and tap water and 100 mL of water samples from reverse-osmosis plants and tankers was filtered by the membrane filtration technique using 47 mm cellulose acetate membrane filters with a nominal pore size of 0.45 µm (Sartorius). The membrane filter papers were placed on m-FC agar and incubated in a water bath at 44.5 °C for 24 h and on Legionella agar base (LAB) medium [8] containing Legionella growth supplement and Legionella-selective supplement which contained dyes, colistin sulphate, vancomycin, trimethoprim and amphotericin B (Himedia). They were incubated at 35 °C in an incubator with humidified atmosphere for 24-72 h.
Identification
Suspected colonies were subcultured in parallel onto LAB medium and were subjected to Gram stain, oxidase, catalase, nitrate reduction, motility, gelatin liquefaction, urease and hippurate test. In addition the slide-agglutination test [1] (HiLegionella latex kit, HiMedia) was used for confirmatory identification of L. pneumophila to serogroup 1 and serogroups 2-15.
Antimicrobial susceptibility testing
Isolates were tested for antimicrobial susceptibility by the Stoke disk diffusion method [9] using Mueller-Hinton agar and antibiotic disks (Bioanalyse). The following disks were used: doxycycline (30 µg), erythromycin (15 µg), streptomycin (10 µg), gentamicin (10 µg), chloramphenicol (30 µg) and ampicillin (10 µg). The plates were incubated at 37 °C overnight. 
Results

Purification plant samples
The logarithmic numbers of L. pneumophila and faecal coliforms from the 13 water purification plants in Basra governorate are shown in Figure 1 . All stations (except 1) showed the presence of both L. pneumophila and faecal coliforms in raw water. There was no obvious reduction of these 2 groups in precipitation and filtration tanks. Few stations, (5/13) showed the presence of L. pneumophila, whereas 9/13 were positive for faecal coliforms in water coming from treatment plants. In precipitation tanks 3/13 stations showed higher number of L. Pneumophila, while in the filtration tanks 2/13 stations showed higher numbers of L. pneumophila.
Of the 106 isolates recovered from purification plant samples on LAB medium, 55 of them belonged to L. pneumophila serogroup 1 while the rest belonged to L. pneumophila serogroups 2-15. Table 1 shows the average of the logarithmic numbers of L. pneumophila and faecal coliforms and the concentration of residual chlorine for the 127 samples of drinking tap water collected from 18 districts.
Tap water samples
A total of 133 isolates of L. pneumophila serogroup 1 were isolated from these districts, while only 6 isolates of serogroups 2-15 were isolated from Al-Jubaila and Al-Junaina districts. All stations were positive for L. pneumophila at frequencies much higher than those recorded for the water coming from treatment plants.
Reverse-osmosis water samples
A total of 41 samples were collected from reverse-osmosis water-supply tankers in 19 
Discussion
Water is a fundamental need for all forms of life, yet human beings continue to pollute the reserves which still remain, thus increasing the risk of diseases that can jeopardize the population [10] . In this study using LAB medium as a selective medium for isolating L. pneumophila, most of the water samples in Basra governorate were found to be positive for growth of L. pneumophila. These bacteria were isolated from raw water entering the plants and their numbers were uncountable in some plants, confirming that water is a natural reservoir for Legionella spp. The bacterium is ubiquitous in fresh water 
L. pneumophila
Al-Jubaila I Al-Jubaila II sources [11] , which may be due to the inadequacy of sewage water processing before it is dumped into rivers. This bacterium is also able to infect protozoa, a relationship that provides protection for the bacterium against adverse environmental conditions [12] , in addition to the presence of organic materials that provide nutrients for Legionella spp. growth. This study was similar to that of Wullings and van der Kooij who used culture methods and polymerase chain reaction techniques [13] .
L. pneumophila were also isolated from precipitation tanks and it was noted that in some plants the numbers were higher than the numbers in raw water. This may be a result of inefficiency in the primary treating stage of the raw water entering the plants, suggesting that the precipitation tanks work as a reservoir for the growth of these bacteria, perhaps due to the presence of suitable conditions such as precipitants and growth of algae.
L. pneumophila were also present in the filtration units in some of the purification plant samples in Basra and this could be ascribed to the fact that some of the plants are old and/or the filters used in these units are old and there is no maintenance or periodic cleaning or changing of filters. It was observed that in other water treatment plants these bacterium were not detected which provides evidence for the efficiency of filtration units in some cases, which is in agreement with the findings of Bomo et al. [14] . The high growth in the filtration stage of water treatment plants is known to occur in areas of slow-moving water, which may allow growth-supporting materials to accumulate. Passage of water through the rapid sand-filters of the plant almost completely reduces the potential for growth of bacteria, due to removal of growth-enhancing factors and reducing the residence time of bacteria; these findings are similar to the observations of Hoekstra et al. on water passing through rapid and slow sand filters [15] .
For the samples of water emerging from plants, it was noted that L. pneumophila was absent in most plants and the number of isolates varied between plants, which may be due to the differences in remaining chlorine concentrations in the emission water, as chlorine activity depends on factors such as temperature and pH [2] ; these results are compatible with Hsu et al. [16] . L. pneumophila is more resistant than other organisms to common standard disinfecting methods. It may, therefore, be found even in disinfected waters with residual chlorine content [17] . A decrease in, or even absence of, chlorine at the extreme ends of the water distribution system increases the risk of growth of the bacterium.
L. pneumophila was isolated from drinking (tap) water in different percentages from district to district and in different areas in the same district of the governorate. The difference in the numbers of isolates across different districts may be due to differences in the biological membranes (biofilms) formed in the distribution pipe networks [18] . Biofilms are essential for growth and proliferation of this bacterium [19] . The combination of organic elements, inorganic elements and the right water temperature create a good environment for L. pneumophila proliferation [20, 21] . Several studies have indicated that the type of materials of water supply systems (rubber, stainless steel or polyvinyl chloride) affects the formation biofilms [22] . It is well known that Iraq suffers from chronic water deficiency and therefore water treatment plants may not operate in a continuous manner. This creates conditions that contribute to the deterioration of water quality, mainly due to the precipitation and regrowth of pollutants in network pipes, as most of the networks undergo continuous breakage and corrosion that facilitates the entry of pollutants from rain water or infiltration of sewage water into networks. These results are similar to data reported in the literature, in which L. pneumophila was the predominant species in freshwater and municipal drinking water supplies [23] and L. pneumophila serogroup 1 was isolated at high frequencies in buildings [24] .
Regarding samples of water treated by reverse osmosis it was found that 20 samples were positive for L. pneumophila, which is compatible with what Goutziana et al. have observed [25] . Sunlight, temperature, pH and biofilms are factors that affect bacterial activity [13] . This is in addition to the risk of pollution of water during transportation and storage, due to inadequate cleaning and drying practices which provide suitable conditions for the growth and reproduction of pollutants in the stored water.
No association was observed between L. pneumophila and the presence of faecal coliforms in our study as L. pneumophila were detected in water samples in the absence of faecal coliforms. This opportunistic pathogen has commonly been isolated in the absence of faecal contamination [26] .
Development of resistance to antibiotics may be due to increasing use of antibiotics for medical and agricultural purposes and there has been a rise in resistance to these drugs [27] . In the present study isolates were more resistant to ampicillin and less resistant to erythromycin, chloramphenicol and gentamicin. Resistance to ampicillin has been reported previously among Legionella spp., due to beta-lactamase production [28] . Erythromycin has usually been considered the antibiotic of choice for the treatment of Legionnaires' disease, but newer antibiotics that are more potent and less toxic are now replacing it [29] . For aminoglycosides such as gentamicin, the mechanism of resistance that is predominantly observed clinically is chemical alteration of the drug catalysed by aminoglycoside-modifying enzymes [30, 31] . In this study as all examined isolates were sensitive to doxycycline, confirming the efficacy of doxycycline on L. pneumophila isolates as demonstrated in 7 European countries [32] . This is the first report of L. pneumophila in water samples including water sanitation plants, reverse-osmosis water supplies and samples of tap water from different districts of Basra city, Iraq. The findings confirmed the presence of L. pneumophila in crude water sources and in general drinking water supplies and tankers of drinking water. The prevalence of L. pneumophila, especially serogroup 1, is a strong indicator of unsuitability of drinking water and requires appropriate action. Competing interests: None declared.
